Supplementary Information

Supplementary Figure S1. Overlap between the resources represented as Jaccard indices

between A) Interactions B) Receivers and C) Transmitters from different resources.
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Supplementary Figure S2. Asymmetric overlap between the resources. A) Interactions B)
Recetvers, G) Transmitters, and D) Curated interactions present in each resource when taken from
the rest of the resources. Note these plots are asymmetric and represent the % of interactions from

the resources on the X axis found in each resource on the Y axis.
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Supplementary Figure S3. Signalink pathway distributions across CCC resources.
Enrichment Scores (A-C), Percentage Proportions (D-F), and Number of matches (G-I) to the
SignaLink database per resource for Interactions, Receivers and Transmitters from different CCC
resources. Fisher's exact test was used to estimate the differentially-represented categories.
Differentially represented (absolute(log2(Odds ratio)) > 1) categories were marked according to
FDR-corrected p-values =< 0.05 (diamond; ©), 0.01 (triangle; /), and 0.001 (8-pointed asterisk;
*).
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Supplementary Figure S4. NetPath pathway distributions across CCC resources. Enrichment
Scores (A-C), Percentage Proportions (D-F), and Number of matches (G-I) to the NetPath database
per resource for Interactions, Receivers and Transmitters from different CCC resources. Fisher's
exact test was used to estimate the differentially-represented categories. Differentially represented
(absolute(log2(0dds ratio)) > 1) categories were marked according to FDR-corrected p-values =<
0.05 (diamond; <), 0.01 (triangle; /), and 0.001 (8-pointed asterisk; *).
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Supplementary Figure S5. CancerSEA cancer genes-set distributions across CCC resources.
Enrichment Scores (A-C), Percentage Proportions (D-F), and Number of matches (G-I) to the
CancerSEA database per resource for Interactions, Receivers and Transmitters from different
CCC resources. Fisher's exact test was used to estimate the differentially-represented categories.
Differentially represented (absolute(log2(Odds ratio)) > 1) categories were marked according to

FDR-corrected p-values =< 0.05 (diamond; ©), 0.01 (triangle; /), and 0.001 (8-pointed asterisk;
*).
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Supplementary Figure S6. Localisation category distributions across CCC resources.
Enrichment Scores (A-C), Percentage Proportions (D-F), and Number of matches (G-I) to the
subcellular protein localisation categories from the OmniPath database for Interactions, Receivers
and Transmitters from different CCC resources. ‘T, ‘P, and ‘S’ stand for transmembrane,
peripheral, and secreted, respectively. Fishers exact test was wused to estimate the
differentially-represented categories. Differentially represented (absolute(log2(Odds ratio)) > 1)
categories were marked according to FDR-corrected p-values =< 0.05 (diamond; ©), 0.01
(triangle; /), and 0.001 (8-pointed asterisk; * ).
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Supplementary Figure S7. Organ-enriched protein distributions across CCC resources.
Enrichment Scores (A-C), Percentage Proportions (D-F), and Number of matches (G-1) to the 15
largest categories of organ-enriched proteins in the HPA database per resource for Interactions,
Receivers and Transmitters from different CCC resources. Fisher's exact test was used to estimate
the differentially-represented categories. Differentially represented (absolute(log2(Odds ratio)) > 1)
categories were marked according to FDR-corrected p-values =< 0.05 (diamond; ©), 0.01

(triangle; /), and 0.001 (8-pointed asterisk; *).
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Supplementary Figure S8. Interaction enrichment scores calculated for the largest 50
categories matched to organ-enriched proteins from the HPA database. Fisher's exact test was used
to estimate the differentially-represented categories. Differentially represented (absolute(log2(Odds
ratio)) > 1) categories were marked according to FDR-corrected p-values =< 0.05 (diamond; <),
0.01 (triangle; /), and 0.001 (8-pointed asterisk; * ).
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Supplementary Figure S9. Tissue-enriched protein distributions across CCC resources.
Enrichment Scores (A-C), Percentage Proportions (D-F), and Number of matches (G-1) to the 15

largest categories of tissue-enriched proteins in the HPA database per resource for Interactions,

Receivers and Transmitters from different CCC resources. Fisher's exact test was used to estimate

the differentially-represented categories. Differentially represented (absolute(log2(Odds ratio)) > 1)

categories were marked according to FDR-corrected p-values =< 0.05 (diamond; <), 0.01
(triangle; /), and 0.001 (8-pointed asterisk; *).
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Supplementary Figure S10. Interaction enrichment scores calculated for the largest 50
categories matched to tissue-enriched proteins from the HPA database. Fisher's exact test was used
to estimate the differentially-represented categories. Differentially represented (absolute(log2(Odds
ratio)) > 1) categories were marked according to FDR-corrected p-values =< 0.05 (diamond; <),
0.01 (triangle; ), and 0.001 (8-pointed asterisk; * ).
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Supplementary Figure Sl11. Disease-associated gene distributions across CCC resources.

Enrichment Scores (A-C), Percentage Proportions (D-F), and Number of matches (G-I) to the

DisGeNet database per resource for Interactions, Receivers and Transmitters from different CCC

resources. Fisher's exact test was used to estimate the differentially-represented categories. No

significant differentially-represented categories were detected following FDR correction.

A)

Upper Aerodigestive Tract Neop

Inflammatory Bowel Diseases
Dermatologic Disorders
Hypersensitivity {
Mammary Neoplasms -
Craniofacial Abnormalities -
Adenocarcinoma
Prostatic Neoplasms 1
Skin Neoplasms
Peripheral Nervous System Dise
Hereditary Sensory And Autonom

Disease (DisGeNet)

Cc

-~

o
[
£
&

Resources

@90
28
<
88
c@
§8
g€

Brain Neoplasms

Neoplasms, Intracranial
Heart Valve Disease
Craniofacial Abnormalities
Connective Tissue Diseases
Morphological Abnormality Of T
Congenital Abnormality
Colonic Neoplasms
Mammary Neoplasms
Nervous System Disorder {Jll
Hypertensive Disease
Skin Neoplasms {
Malignant Neoplasms <
Intellectual Disability
Lymphoma

Disease (DisGeNet)

GuidePharm

E)

Receivers

k9.

Interactions

L
£ QFWOEDEECS
i w 2
£2 S$253S952555
Ec 8E5gdog5" s
53 25212 308 3
38 Edm: 893 ¢
S 3 G £

Resources

Transmitters

Resources

£
5
£
[
]
b=t
S
5}

)
S
)
1
3
4
s

~

log2(Odds Ratios)
of interactions

Disease (DisGeNet)

S

log2(Odds Ratios)
of transmitters
2 173
=
I 1 g
g
0 2
=

F)

Disease (DisGeNet)
M Brain Neoplasms.

Colonic Neoplasms
Congenital Abnormality
Connective Tissue Diseases
Craniofacial Abnomalities

Heart Valve Disease
M Intellectual Disability

Transmitters

Malignant Neoplasms
Mammary Neoplasms.
Morphological Abnommality Of T
Neoplasms, Intracranial
Nervous System Disorder

M Skin Neoplasms

Z

Disease (DisGeNet)

B Adenocarcinoma

Craniofacial Abnomnalities
Dematologic Disorders

Growth Disorders.

Head And Neck Neoplasms
Head Neoplasms

Hereditary Sensory And Autonom
Hypersensitivity

Inflammatory Bowel Diseases
Mammary Neoplasms

M Peripheral Nerwous System Dise

Receivers

Testicular Neoplasms
Upper Aerodigestive Tract Neop

Disease (DisGeNet)

Brain Neoplasms
Colonic Neoplasms
Congenital Abnormality
Connective Tissue Diseases
Craniofacial Abnomnalities
Heart Valve Disease

ve Disease
M Intellectual Disability

Malignant Neoplasms
Mammary Neoplasms
Morphological Abnomnality Of T
Neoplasms, Intracranal
Nervous System Disorder

M Skin Neoplasms.

Connective Tissue Diseases -

Morphological Abnormality Of T

Mammary Neoplasms 4
Craniofacial Abnormalities |
Brain Neoplasms {
Neoplasms, Intracranial {
Colonic Neoplasms {
Malignant Neoplasms <
Skin Neoplasms 4
Lymphoma

Growth Disorders
Nervous System Disorder
Heart Valve Disease 4
Congenital Abnormality 4
Intellectual Disability |

“ P
'
O

T00%

2%

2
S

Kirouac2010

N

0 IIIIIIIIII

ICELLNET 4 [

Kirouac2010+ [N I

= & =
I PR
c2CRaSEg 55258228
SEcT a2 §5812
EG QEQ22 ]
36 0 2534 -1
80g EETLS S
8 8 S

Resources

log2(Odds Ratios)
of receivers

Disease (DisGeNet)

M Adenocardinoma

Caniofacal Abnomalities
Dermatologic Disorders

Growth Disorders

Head And Neck Neoplasms.
Head Neoplasms

Hereditary Sensory And Autonom
Hypersensitivity

Inflammatory Bowel Diseases
Mammary Neoplasms

1 Peripheral Nerwous System Dise
Prostatic Neoplasms

Skin Neoplasms

Testicular Neoplasms

Upper Aerodigestive Tract Neop

Disease (DisGeNet)
M Brain Neoplasms.

Colonic Neoplasms
Gongenital Abnomnality
Connective Tissue Diseases

iypert i
M Intellectual Disability

Malignant Neoplasms
Mammary Neoplasms
Morphological Abnommality Of T
Neoplasms, Intracranial
Nervous System Disorder

M Skin Neoplasms

Disease (DisGeNet)

W Brain Neoplasms

Colonic Neoplasms

Congenital Abnormality

Connective Tissue Diseases

Craniofadial Abnomalities
Disorders

Heart Valve Disease

Intellectual Disability

Malignant Neoplasms
M Mammary Neoplasms
Momhological Abnomnality Of T
Neoplasms, Intracranial
Nervous System Disorder
Skin Neoplasms



https://docs.google.com/document/d/1gYl1ZkCV_Fz_zKwTD0xrKJpEHLB_WlL0fZnOwqoY8i4/edit#sufig_DisGeNet

A)
he same

interactions

Supplementary Figure S12. Overlap (Jaccard index) in the 1% highest ranked

ingt

7) and B) when us

when using the same Resource with different Methods (Blue; n

d

1an pairwise jaccar

16). Boxplots represent the med

n:

¢

ed

Method with different Resources (R

1.5 above and

he first and third quartiles and whiskers extending

owing t

index with hinges sh

Cord Blood Mononuclear Cells Pancreatic Islets Colorectal Cancer ER+ Breast Cancer Triple Negative Breast Cancer HER2+ Breast Cancer

A)

below the interquartile range.

1.00+

n
~
=1

50+

o
Xapu| pseddef

0.254

DiSMojiwey
Yediuwo
qpy
010Z2enoiy
ATV
L3NT13D1
diNdH
ewueydzsping

aaii[eLiied
ggasuoudiiad
JqulE)
agieydiied
1821195
6T0CUDIeg

PDsmojiwey
Urediuwo
apy
0T0Z3enoiny
ATvL
L3NT713D1
dNdH
ewey4zaping
Eo)icIhE]
0c¢ozgguuod
aaieLs]
ggauoyd|id
Ui
ga3ieydiied
Lol e}
6T0ZUIdOeg

Bismojiwey
yieduo
apyl
0T0Z2eNOI
v
1aNT301
HINdH
ewJeydzaping

IRy
gqieydied
111133
6TOZUDOeE

pismojiwey
Yedluwo
qpy]
010Z2enoIy
ATV
13INTT3D1
diNdH
euLIeY4zapIng
ER) 4L [NE
0cocgguuo)
aaIeLl®D
ggauoyd|i®d
dAulRD
ad3ieyd|ed
11e2113D
6T0CuIPOeg

Dismojiwey
yiedluwo
qpyl
0T0Z2enoly
v
13NT301
YiNdH
euweydzaping

aaIeLI®D
agauoyd|i®d
Ui

6T0cuIdOeg

DiSmojiwey
ylediuwo
apy
0T0Z2enoiy
ATV
L3INTI3DI1
YidH
ewJeydeaping

610CuIdoeg

Resources

Fyleubisiiade|buis
rINLVYN

kueap D4607

k 591005 >jje1ssaid
t swoydsuuo)
ragauoyd|i®d

r3eudiieo

L Yjeubig||ad3|buis
FINLYN

kueap D4607

F 521005 JyjeIssaI)
F 2Wo308uu0D)
Faasuoydiiad
r3eudIiLD

1
1
1
1
1
(|
1
|
'
1
1
|
1
I
I
I
1

Fyleubisiiade|buis
FIWLVYN

kueap D4607

L 521005 3|RISS0ID
F awo3zuu0)

F g@auoyd|iad

Fieudii2d

thods

r uleubisiizoaibuis 2
FIWLYN

kueap D4607

L s2100s 3|eISS0ID

k @wo3dauuo)

F a@auoudiizd

F3eudiied

Fyleubisiiada|buis
FINLYN

Lueap D4607

k $81005S j|eISS0ID)
k 2wo3dauuo)

F 8aauoydiiad

F3eudiiRD

Cord Blood Mononuclear Cells Pancreatic Islets Colorectal Cancer ER+ Breast Cancer Triple Negative Breast Cancer HER2+ Breast Cancer

F Hleubis|i209|6uls
FINLYN

kueap D4607

L 521005 3|BISS0ID
F@Wo03d3uuo)

F 8gauoudiiad

F1eudiie0

B)

1.00

0.754

504

o
Xapu| piedde

0.254

0.00 ===


https://docs.google.com/document/d/1gYl1ZkCV_Fz_zKwTD0xrKJpEHLB_WlL0fZnOwqoY8i4/edit#sufig_compfrac

Supplementary Figure S13. Robustness of cell-cell communication predictions to A) Cell type
subsampling, B) Reshuffling of cell types labels C) Selective, and D) Non-selective replacement of
interactions with putativelly false ones. The non-modified predictions (0% modifications) from
each method were used to calculate the True Positive Rate. Boxplots represent the median true
positive rate with hinges showing the first and third quartiles and whiskers extending 1.5 above

and below the interquartile range (n = 5).
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Supplementary Figure S14. AUROC/AUPRC of CCC Method Agreement with Cytokine
Activities. A) Each method’s performance was estimated independently, i.e. only using
the interactions predicted following the preprocessing steps of each method. B)
Methods were evaluated using the union of all interactions predictions, and missing
interactions were max-imputed. To ameliorate the differences of predictions assigned to
the negative class between the different methods, we included a subsampling step, in
which we downsampled the negative class 100 times to match the (lower) number of

interactions assigned to the positive class.
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Supplementary Figure S15. Odds ratios of colocalized cell types among the highest
ranked interaction predictions, across a ranked range between 50 and 5,000 in mer- and
seqFISH datasets. Colocalized cell types were identified using the neighbourhood
enrichment analysis, implemented in Squidpy. Odds ratios were calculated using
Fisher’s exact test. We use a more constrained rank range than the Visium colocalisation,
due to the relatively lower gene coverage of the fluorescence-based spatial technologies.

Consensus represents the aggregated ranks of all interactions predicted by the methods.
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Supplementary Figure S16. Heatmap of median Jaccard index between the highest
ranked 1,000 interactions per resource-method combination across all datasets.

Clustered by Euclidean distance.
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Supplementary Figure S17. Heatmap of median Jaccard index between the 1% highest
ranked of interactions per resource-method combination across all datasets. Clustered

by Euclidean distance.
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Supplementary Figure S18. Overlap (Jaccard index) in the 1,000 highest ranked A) when

7) and B) when using the same Method

using the same Resource with different Methods (Blue; n

16). Boxplots represent the median pairwise jaccard index with

with different Resources (Red; n

hinges showing the first and third quartiles and whiskers extending 1.5 above and below the

interquartile range; the lines overlap for the CMBCs dataset. Here, we use only the p-values for

CellPhoneDB and CellChat, not their ‘composite’ scores (Supp. table 8).
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Supplementary Figure S19. Heatmap of median Jaccard index between the highest ranked
1,000 interactions per resource-method combination across all datasets when using only the

p-values for CellPhoneDB and CellChat. Clustered by Euclidean distance (Supp. table 3).
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Supplementary Figure S20. Overlap (Jaccard index) in the 1,000 highest ranked, non-specific

7) and B) when

16). Boxplots represent the median

n

.
)

interactions A) when using the same Resource with different Methods (Blue

using the same Method with different Resources (Red; n

pairwise jaccard index with hinges showing the first and third quartiles and whiskers extending

1.5 above and below the interquartile range. Here, we use non-specific scoring functions for each

method, if available (Supp. table 3).
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Supplementary Figure S21. Heatmap of median Jaccard index between the 1,000 highest

ranked, non-specific interactions per resource-method combination across all datasets. Clustered

by Euclidean distance.
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Supplementary Figure S22. Relative frequencies of interactions per cell type estimated using
the 1,000 highest ranked interactions for A) CBMCs, B) Colorectal cancer, C) ER+ breast cancer,
D) HER2+ breast cancer, E) Triple negative breast cancer, and F) Pancreatic Islet datasets. The
relative frequencies were defined as the number of interactions assigned to each cell type as ‘source’

or ‘target’in the 1,000 highest ranked interactions.
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Supplementary Figure S23. Relative frequencies of interactions per cell type estimated using
the 1,000 highest ranked, non-specific interactions for A) CBMCs, B) Colorectal cancer, G) ER+
breast cancer, D) HER2+ breast cancer, E) Triple negative breast cancer, and F) Pancreatic Islet
datasets. The relative frequencies were defined as the number of interactions assigned to each cell

type as ‘source’ or ‘target’in the 1,000 highest ranked, non-specific interactions.
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Supplementary Figure S24. Relative strength of interactions per cell type estimated using for
A) CBMCs, B) Colorectal cancer, C) ER+ breast cancer, D) HER2+ breast cancer, E) Triple

negative breast cancer, and F) Pancreatic Islet datasets.
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Supplementary Figure S25. Relative strength of interactions per cell type estimated using the
non-specific interaction scores for A) CBMCs, B) Colorectal cancer, G) ER+ breast cancer, D)

HER2+ breast cancer, E) Triple negative breast cancer, and F) Pancreatic Islet datasets.
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Supplementary Figure S26. Agreement with receptor protein specificity using A) CellPhoneDB
and CellChat’s composite scores, and B) p-values alone. Each method’s performance was estimated

independently, i.e. only using the interactions predicted following the preprocessing steps of each

method.
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Supplementary table 1. Unique Transmitters, Receivers, and interactions in
each resource. We defined unique—interactions, receivers and transmitters

between the CCC resources if they could be found in only one of the resources.

Resource Transmitters | Receivers | Interactions
Baccin2019 5.71% 4.93% 10.60%
CellCall 1.81% 0.51% 3.14%
CellChatDB 4.25% 3.78% 20.76%
Cellinker 30.34% 24.93% 39.30%
CellPhoneDB 2.99% 6.94% 10.68%
CellTalkDB 2.94% 5.24% 5.53%
ConnDB2020 6.12% 3.51% 8.04%
EMBRACE 0.43% 0.00% 0.53%
GuidePharm 0.68% 0.41% 5.52%
HPMR 8.22% 12.75% 18.12%
ICELLNET 0.31% 0.40% 2.25%
iTALK 0.00% 0.00% 0.11%
Kirouac2010 4.20% 0.00% 10.53%
LRdb 0.75% 0.00% 1.51%
OmniPath 4.09% 3.95% 8.45%
Ramilowski 0.00% 0.00% 0.00%
Total 6.35% 5.74% 10.35%
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Supplementary table 2. Cell-cell communication resources -

additional

information.
Resource Further curation Sources Interactions* Original Overlap with
curation ¥ curated set+§
§
Baccin2019/(a)! Murine identifiers  (only), | Ramilowski2015, KEGG | 1,625 Noi 89%
Multimeric complexes REACTOME, Literature
CellCall 2 Multimeric complexes, murine | ConnectomeDB2020, 1,128 No 51%
identifiers, Interactions | CellLinker, CellTalkDB,
downstream transcription | CellChatDB, STRING
factors (from KEGG),
transcription factor regulons.
CellChatDB2 Multimeric complexes, 229 | KEGG, Literature 1,912 Yes 84%
signaling pathway families,
agonists and antagonists,
co-receptors, localisations,
Murine identifiers
Cellinker * Multimeric complexes, murine | DLRP, HPMR, | 3,701 Yes 1%
identifiers, sMOL ligands, | CellPhoneDB,
intercellular ~communication | Guide2Pharma,
roles Literature
CellPhoneDB %7 Multimeric complexes, | Guide2Pharma, 12D, | 1,219 Yes 90Y%
intercellular communication | IntAct, UniProt,
roles Literature, HPIDB
CellTalkDBS8 Murine identifiers STRING, Literature 3,392 Yes 100%
ConnectomeDB20 | Intercellular communication | Ramilowski2015, 2,266 Yest 99Y%
209 roles CellphoneDB,
Baccin2019, LRdb,
ICELLNET, Literature
EMBRACE(a)"° Murine identifiers Ramilowski2015 1,639 No 97%
Guide2Pharma(b)" | - Literature 665 Yes 100%
HPMR" - Literature 596 Yes 100%
ICELLNET® Multimeric complexes, STRING, Ingenuity, | 738 Yes 95%
Signalling families, BioGRID Reactome,
Cytokine-focus CellPhoneDB
iTALKM Ligand categories Ramilowski2015, 2,566 Noi 96%
HPMR,
Guide2Pharma,
Graeber2001,
Griffith2014,
Cameron2003,
Zhou2017,
Auslander2018
Kirouac2010" - Literature, COPE 152 Yes 100%
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https://www.nature.com/articles/ng755
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LRdb'® - cellsignal.com, 3,298 No# 96Y%
Ramilowski2015,

Guide2Pharma, HPMR,
HPRD, Reactome,

UniProt, Literature

Ramilowski2015Y - DLRP, HPMR, IUPHAR, | 1889 Yest 99%
HPRD, STRING,
Literature

scConnect '® - Guide2Pharma 479 No 92%

Asterisk (*): All the resources above, except CellCall which was obtained directly via its Github page and converted to
OmniPath format, were retrieved from the OmniPath database (https:/omnipathdb.org/). Here, we show the number of

human interactions for each CCC dedicated resource subsequent to dissociation of complexes into subunits.

Cross (t): Does the resource contain original expert curated data? Here expert curated (synonyms: manually- or literature
curated) means only the interactions curated in the context of cell-cell communication. We assessed the curation contents
based on the publications, webpages, software manuals and data files.

Star (¢) We collected the curated interactions from all resources which contained any. Then for each resource we
measured the overlap against the curated set. Many resources contribute to the curated set, or integrate other resources

which are part of it, resulting in a bias in the overlaps.

Section sign (§) These columns aim to give insights on the status of curated CCC interactions, with limitations described in

further footnotes. None of these attributes is an objective measure of the value or quality of the resources.

Double dagger (f): Unclear whether the resource contains original curation effort, insufficient information in the

description of methods or in the data

Dagger (}): connectomeDB2020 is an updated edition of Ramilowski2015

(a) Translated from murine identifiers to human, which accounts for the lower number of obtained interactions.

(b) Kept only the unique human-annotated interactions between transmitter and receiver proteins.
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Supplementary table 3. Description of the different scoring settings used to compare

the methods presented in this work.

Composite#

Non-composite

Non-Specific

Used throughout the main text

Specificity alone for CellChat and|

Scores which do not incorporate
cell-pair specificity in interaction

Method CellPhoneDB predictions
(Filtered by
CellChat Probability | p-value =< 0.05) p-values alone Probability
Truncated (Filtered by
CellPhoneDBv?2 Mean p-value =< 0.05) p-values alone Truncated Mean
Connectome weight_scale weight_scale weight_norm

Crosstalk Scores

Crosstalk score

Crosstalk score

logFC Mean logFC Mean logFC Mean -
Specificity-based edge Mean-expression edge
NATMI Specificity-based edge weight weight weight
SingleCellSignalR LRscore LRscore LRscore

Hashtag (#): Unless explicitly mentioned, we used the composite method settings.
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Supplementary table 4. Signalling category examples.

Signalling Transmitter Transmitter Receiver Receiver Resource
type symbol symbol

Direct-contact [Q9NQS3 NECTINS3 Q495A1 TIGIT Cellinker
Direct-contact [P52803 EFNAS P54764 EPHA4 Ramilowski
Direct-contact [Q9NT99 LRRC4B Q6UXZ4 UNC5D Cellinker
Direct-contact [P10321 HLA-C P43632 KIR2DS4 Ramilowski
Direct-contact [Q14952 KIR2DS3 Q723B1 NEGR1 Cellinker
Other P21741 MDK P18827 SDC1 Cellinker
Other P01374 LTA P19438 TNFRSF1A OmniPath
Other P21741 MDK P18827 SDC1 CellChatDB
Other P49763 PGF P17948 FLT1 EMBRACE
Other P06858 LPL P13611 VCAN Cellinker
Secreted Q8I1zJo IFNL2 Q08334 IL10RB Ramilowski
Secreted P00747 PLG P05556 ITGB1 iTALK
Secreted P56706 WNT7B 075197 LRP5 Ramilowski
Secreted P20062 TCN2 P21554 CNR1 iTALK
Secreted P01303 NPY Q9Y5X5 NPFFR2 ConnDB2020
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Supplementary Note 1. Protein localisation to categorise CCC

To estimate the localisation distributions of transmitters and receivers as well as
to categorise CCC interactions according to signalling categories we obtained
protein subcellular localisation annotations via OmniPath', which combines
this information from 20 resources, such as UniProt, the Cell Surface Protein

2l The localisation annotations were then filtered

Atlas?®, and Membranome
according to the 5lst consensus percentile (4.1. Methods), and we used the
localisations of transmitters and receivers to approximate the categories of
interactions. The largest part of interactions were those between secreted
proteins targeting transmembrane proteins (Secreted -> Transmembrane),
which we refer to as the ‘Secreted signalling’ category. Further, we attributed
interactions between and within the transmembrane and peripheral plasma
membrane proteins (Transmembrane -> Transmembrane, Peripheral ->
Transmembrane, Transmembrane -> Peripheral, Peripheral -> Peripheral) to
intercellular signalling events that require physical contact between cells, or
‘Direct-contact’ signalling. Interactions categorised as neither secreted nor
direct-contact were labelled as ‘Other’ and made up the remainder of the
interactions. These were largely a consequence of the localisation annotation
process, i.e. such involving proteins matched to multiple localisation categories;
e.g. proteins annotated as both secreted and peripheral/transmembrane
(Supp. table 4).

On average 77% of transmitters and 89% of receivers were annotated as secreted
and transmembrane proteins, respectively (Supp. Fig. S6E-F). CCC resources
were predominantly (73% on average) composed of interactions associated with
secreted signalling, while direct-contact signalling constituted a substantially
smaller (18% on average) proportion of interactions (Supp. Fig. S6G). The
proportions of secreted and direct-contact signalling varied between resources,
as some of them, such as Cellinker and OmniPath had an overrepresentation of
direct-contact signalling when compared to the collective, while the opposite
was noted for Guide to Pharmacology and Kirouac2010 (Supp. Fig. S6A).

Our results suggest that localisations of transmitters and receivers were largely
uniformly distributed and that secreted signalling was predominant across all
resources. Yet, differences were noted between the relative abundance of

secreted and direct-contact signalling interactions.
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Supplementary Note 2. Examining the Disagreement in CCC predictions

Since methods report the different total numbers of interactions, we also
assessed the agreement by comparing the top 1% predicted interactions, and
found low overlap between the different combinations. In this case, the results
generated using different methods showed markedly lower overlap than those
generated using different resources (Supp.Fig. S12). We then merged and
clustered the results from all of the datasets, and found that highest ranked
interactions were partly grouped by method (Supp. Fig. S16-17). There was
nevertheless some, albeit limited, similarity between the predictions of
CellChat, CellPhoneDB, and SingleCellSignalR; NATMI and Crosstalk scores; as
well as between logFC Mean and Connectome (Supp. Fig. S16-17). Results were
broadly comparable when considering only the p-values for the ranking of
CellChat and CellPhoneDB to compare with the other methods (Supp. Fig.
S18-19; Supp. table 3).

To better explain the low overlap between the methods, we first hypothesised
that the observed discrepancies stem from the method’s distinct approaches to
prioritise the interactions, and in particular the approaches used to assign cell
type specificity to the interactions. For methods that provide additional
alternative non-specific scoring functions, we used those functions which
consider the magnitude of expression alone to estimate the CCC predictions
(Supp. table 3). In this case, the overlap between methods was substantially
higher, ranging from 0.519 to 0.569 (median = 0.543), while the low overlap
when using different resources remained relatively unchanged and ranged from
0.034 to 0.116 (median = 0.075) (Supp. Fig. S20) and there was a clear clustering
by the different resources (Supp. Fig. S21).

We thus postulated that the low overlap between the methods when using their
recommended scoring functions was explained by differences at the cell type
level. As such, we calculated the frequencies of interactions per cell type, and
saw grouping largely by method (Supp. Fig. S22). We performed the same
analysis using the alternative, non-specific scoring functions and instead noted
clustering by resource, while predictions from methods were generally grouped

(Supp. Fig. S23). We also estimated the relative interaction strength assigned to
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each cell type (4.5 Methods), and in this case we noted clustering by method for
both the specific and non-specific interaction scores (Supp. Fig. S24-25).

The remainder of the differences between the top predictions across the
different methods are expected to arise from the methods’ distinct approaches
in the preprocessing of the input data or from the fact that some methods

consider multi-complex subunits whereas others omit such information.

Taken together, these results suggest that the low overlap between the methods
when using their recommended scoring functions, is largely a product of the
distinct approaches to compute the cell-type specificity aspect of the CCC
interactions scores. Finally, this was also reflected by the relative importances

assigned to the different cell types.
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Supplementary Note 3. Agreement with Receptor Protein specificity

To assess the agreement between CCC predictions from transcriptomics data
and antibody-tagged receptor protein abundance, we used seven CITE-Seq
datasets (Methods 4.8), which had between 9 and 106 surface-protein genes
matched to receptor proteins. In particular, we assessed the agreement of CCC
methods with receptor protein specificity by estimating their area under the
receiver-operator characteristic (AUROC) and area under the precision-recall
curve (AUPRC) metrics (Methods 4.6.3).

We first built AUROC and AUPRC curves for each method using their
independent universes, meaning that each method’s performance was estimated
using only the interactions returned by that method. While the methods’
performance is not directly comparable, this allowed us to independently assess
the performance of the methods as originally proposed.

All methods were better than random at predicting the most specifically
expressed receptor proteins (Supp. Fig. S26A), including SingleCellSignalR,
which does not explicitly take specificity into account. As anticipated,
CellPhoneDB and CellChat showed markedly better performance when we used
their p-values alone to predict receptor specificity instead of their composite
scores (Supp. table 3; Supp. Fig. S26B).

Albeit one could assume that receptor protein abundance is possibly more
informative about the occurring CCC events than RNA expression alone, the
observed agreement of all methods with receptor specificity is itself largely
expected due to the correlation between RNA and protein expression.
Nevertheless, our analysis suggests that estimates of CCC events using RNA
information are also expected to be a good proxy of predictions at the protein

level.
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